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1 Elcctrodiaivsis Apparatus 

2 

3 The present invention rdates to an dectrodialysis apparatus for puri^ng ivater and also embraces a 

4 method of dectrodialysis. 

5 

6 As will be wdl known to those skiOed in the art, dectrodialysis courses pasang a desalting stream of 

7 water to be purified between an anode and a cathode. Perm-selective mmbranes are portioned 

8 between the desalting stream and the dectrodes^ such tlmt cations migrating towards the cathode pass 

9 througih a cation sdectivemembranei^vMstaiuoiis migrating to 

10 perm-sdective membrane. As dectrodialysis proceeds^ the water to be purified is progres^dy 

11 dqpl^ed of ions. In some instances, an ion exdiange resin bed is placed in the desalting stream, and 

12 this has the advantage of mamtaining the dectrical conductivity of the water to be purified as 

13 ddonisadon proceeds. Hectrodidysis in winch an ion exdiaiigere^ bed is used in the water ^t^ 

14 purified is known as electroddonisatioa 

15 

16 US*A-364S884 (GiDiland) disdoses a five compartment dectroddonisation ceD con9)rising outer 

17 anode and cathode conq)artments and a centrdooiicentratingcompartmenL A 

18 desalting compartment is positioned between eadi dectrode compartment and the c^itral 

19 concentratirig compartment. Tlie 

20 desahiiig conqiartment nearest the anode is separated 6om the anode chamber and from the c^itral 

21 concentrating compartment by two, respective cation sdective membranes. Similarly, Ihe desdting 

22 compartm^t nearest the cathode is separated fiom the cathode cfaarhber and fix>m the concentrating 

2 3 compartm^ by two, respective anion selective membranes. 

24 

25 In operation, water to be purified is passed through the two desalting compartments in succession, and 

26 a voltage is ^plied across the anode and cathode, such that cations are caused to migrate fi*om the 

27 water to be purified in the desalting compartmort nearest the anode into the central concentrating 

28 compartment, and anions are caused to migrate from the water to be purified in the desalting 

29 compartment nearest the cathode into the concentrating compartment Each of the desalting 

3 0 compartm^its comprises a porous bed of ion exchange material. 

31 

32 Accordir^ to US-A-364S8S4, the anode compartment is filled with a weakly addic sdotian, ^winist the 
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1 cathode department is filled with a weakly alkaline solutioa Thus, in operation, hydronium ions fi'om 

2 the anode compartment are caused or allowed to pass into the adjacmt desalting compartment to assist 

3 in driving out the cation impurities in the watCT to be purified- Analogously, Itydroxidc ions in ihe 

4 cathode compartment are caused or aBowed in use to pass into the juxtaposed desaltu^ 

5 to assist in driving out the anion fanpurities fiom the desalting stream into the central concentrating 

6 chamber. 

7 

8 US-A-3645884 discloses that vdien a 0.08SN sodium ddoride sohition is ddonised for a poiod of two 

9 hours by inq)ressing a current of 12 anq)eres at 10 to 20 volts aooss the ion exdiange beds, a final 

10 product having a soc&un chloride concentration of 0.008SN is adueved^ mdicating a 90% removal of 

11 ions fiom the wat^ to be purified. The final product wat^ has a conductivity of 1025 (iS/cm at 25^C. 

12 

13 It is an olgect of the present inv^on to pro^dde an improved dectrodialysis sq)paratus. 

14 

15 In particular, it is an object of the present invention to provide an electrodialyas apparatus ^wtixh is 

16 cq)able of produdng higjhly-purified water, that is wat^ having a conductivity of less than 0.20 ^S/on, 

17 i.e. a re^vity of at least SMQ-on and, und«r suitable opiating and feed conditions, of at least 

18 ISMD-cm i.e. a conductivity of less than 0.067 (iS/on at 25<>C. 

19 

20 According to one aspect of the present invention tho^fisre there is provided an dectrodialyas 

21 appBTStm for purifying wat^, which apparatus comprises means defining an anode diamber, means 

22 defining a cathode duuhber, an anode means disposed within the anode chamber, a cathode means 
2 3 disposed within said caAode diamber, means defining a desalting stream flow path between said anode 

24 and said cathode means, means defining a concentrating stream flow path adjacent said desalting 

25 stream flow path, means for causing or allowing water to be purified to flow within the desalting 

26 stream flow path and means fi^r causing or allowing a fluid adapted to recdve ionic impurities fi'om the 

27 water to be purified to flow within the concentrating stream flow path; wherdm said desdtmg stream 

28 flow path comprises a first portion juxtaposed the anode means and a second portion juxtaposed said 

29 cathode means, and said means defining the desalting stream flow path comprises two first partition 

30 means that sq)arate the first portion of the desalting stream flow path fix)m the anode chamber mdthe 

31 concwitrating stream flow path respectively, which first partition means are selectivdy permeable to 

32 cations and are spaced apart on an axis between said anode means and cathode means^ andtwa second 
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1 partition means that sq)arate the second portion of the desalting stream flow path from the cathode 

2 chamber and the concentrating stream flow path respective^, which second partition means are 

3 sdectively permeable to amons and are i^ced apart on said axis; characterised in l3xst each of ^d 

4 anode and catiiodediambm contains a porous bed of ion exdi^ 

5 

6 In some embodinients, the cathode chamber niay contain aiuon exdia^ Said anode chamber 

7 may contain cation exchange rem 

8 

9 In another aspect of the pres^ invention there is provided a method of electrodialy^s conqiri^ 

1 0 causing or allowii^ wat^ to be purified to flow in the desalting stream flow path of an dectrodialyas 

11 apparatus in accordance mth the presmt invention, cauaiig or allowing a fluid adapted toTecdveionic 

12 impurities from said water to be purified to flow vMm the concentrating stream path and applying a 

13 voltage across the anode means and cathode means. 

14 

15 In some embodiments^ substantiaOy pure water may be caused or allowed to flow in the anode and/or 

16 cathode chamber, and preferabfy substantially pure wata- is used in both the anode dianiber and the 

17 cathode chamber. By "substantially pure water" is meant water having a resistivity of at least IMil- 

18 cm, preferably at least ISMQ-cm 

19 

20 It has been found that the electrodialysis apparatus of the present invention can be used to produce 

21 high purity water, that is water having a resistivity of at least 15MQ-<m 

22 

23 Conveniently, the substantially pure water used within the anode and/or cathode chamber may be 

24 wat«* that has been purified using the apparatus of the invention. Typically, means may be provided 

25 for supplying water that has been purified in the desalting stream flow path to the anode and/or 

26 cathode chamber. It is also envisaged that in some cases, the wat^ used in one or both of the 

27 electrode chamber may be recycled througih a secondary purifier, e.g. a second dectrodialy^ xw 

28 electroddonisation device. 

29 

30 Preferably the fluid supplied to the concentrating stream flow path is also substantially pure water, and 

31 in some embodim^s means may be provided for supplying substantially pure water lhat feis irccn 

32 purified witiun the desalting stream flow path to the concratrating stream flow patii. However, the 
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1 invention also embraces the use of wat^ of lower quality in^^e concentrating stream flow path. 
2 

3 The electrodialysis apparatus of the pres^ invention does not require the addition of add or alkali to 

4 the electrode chambers and relies on water splitting at the electrodes for the g^eration of hydromum 

5 and hydroxide ions for rq>lenishing the ion diange re^ within the electrode compartments and for 

6 asasdng in driving out the ionic impurities fiom .the desahing stream flow paths into the concentrating 

7 stream. 

8 

9 In some embodimaits^ water that has beoi purified within the desalting stream may be caused or 

1 0 aDowed to flow in pandld through the concentrating stream and at least one of the anode and cathode 

11 diambers. Aheniativdy, the substantially pure water may be cau^ 

12 through at least one of the anode and cathode diambos and then through the concentrating stream 

13 flow path. Preferably, the flmd vothin the concmtratii^ stream is caused or aUo 

14 current to the flow of water to be purified in at least one of the first and second portions of the 

15 desalting streams flow paths. Prefoabfy the water within at least one of the anode and catiiode 

16 diamb^ is caused or allowed to flow counter-cuiroit to the flow of wat^ to be purified in at least 

17 one of said first and second portions. 

18 

19 Said concentrating stream flow path may contain a porous bed of ion exchange material. 

20 

21 Usually the desalting Stream flow path wiU contain a porous bed of ion exchange m^^ Saidfirst 

22 portion may contain cation exchange rean, and said second portion m^ contain anion exdiange rem 
23 

24 The wat^ to be purified may be passed through the first and second portions of the desalting stream 

2 5 flow path in any order, although prefoably the water to be purified is passed through tiie first portion 

26 first, followed by the second portioa In this way, the wata* to be purified is addified in the first 

27 portion by the presence of hydronium ions generated by watar splitting at the anode. Hie water to be 

28 purified is thus slightly addic when it enters the second portion which contains hydroxide ions 
2 9 produced at the cathode. This arrangement, as will be {^predated by those skilled in the art, will assist 
30 in redudiig the build-up of scale in the apparatus. 

31 

32 It is envisaged that in some embodiments the water to be purified may be passed in succession throu^ 


wo 99/39810 PCT/US99/02552 

5 

1 two or more electroddoiiisation apparatus according to the presoit inv^oa 
2 

3 In another aspect of the present inv^tion therefore there is provided polydectrodialy^s apparatus 

4 compriang two ctectrodiatysts apparatus in accordance vnSi the present inventioa In some 

5 embodiments, one of the dectrodes of the polydectrodiatysis apparatus in accordance with the 

6 invention may be shared by both dectrodialysis appmim. The pol^ectrodialy^ ^aratus may 

7 conq)rise a single anode or cathode that is conmion to both dectrodialysis apparatus. 

8 

9 Where the water to be purified passes through two dectrodialysis apparatus in accordance with the 

10 presoit invoidon, it is pre&red that the water to be purified passes suocessivdy through the fiist and 

11 second portions of the first dectrodiaty^ apparatus;, and then througjh the second and^first portions in 

12 succession of the second dectrodialyids apparatus, so that the wat^ to be purified is ffven a final 

13 polish by passage througji a cation exdiange rean bed. 

14 

15 Following is a description by way of example onfy with reference to the accompanying drawings of 

16 embodiments ofthe present invention. 
17 

18 In the drawings: 


19 

20 Figure 1 is a flow diagram of a first dectrodialysis apparatus in accordance with the pres^ 

21 invention; 

2 2 Figure 2 is a flow diagram of a second electrodialy as apparatus in accordance with the present 

23 invention; 

24 Figure 3 is anotho- flow diagram of a third dectrodialysis apparatus m accordance widi the 

25 presoit invoition; 

26 Figure 4 is a flow diagram of a first pplydectrodialyas apparatus in accordance witii the 
2 7 present invention; and 

28 Figure 5 is a flow diagram of a second polyelectrodialysis apparatus in accordance with the 

2 9 present inv^tioa 

30 


3 1 With refeence to Figure 1, a first dectrodialysis qjparatus 10 in accordance with the present invention 

32 comprises an anode 14 and a cathode 16 that is spaced fiiom the anode. Said anode, whidi may be a 
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1 platinum coated anode, is accommodated mtfain an anode compartment 24 and said cathode 16 is 

2 accommodated whfain a cathode compartment 26, Intermediate said anode and cathode compartments 

3 24, 26 the apparatus 10 conqnises three fiuther compartm^its, namely a first desaUing compartm^ 

4 36 adjacent the anode compartment 24, a second desalting compartment 46 adjacent the cathode 

5 oon9)artm^ 26 and a concratradng compartment 28 imposed betwera said first und second 

6 desalting conq)artments 36, 46. 
7 

8 Said anode compartment 24 is partitioned fi-om the first desalting conq)artment 36 by a first cation 

9 perm-selective membrane 32 and said first desahing cowpeatmeni 36 is pai ti tion ed ^tam 1he 

10 concentrating c(Miq)artment 28 by a second cation perm-sdective manbrane 34. Sinularly said 

11 cathode con^artmoit 26 is partitioned fixmi the second desahing conqiartmont 46 by a first anion 

12 perm-selective mmbrane 42, and said second desalting compartment 46 is partitioned finom the 

13 concentrating compartm^t 28 by a second anion perm-sdective monbrane 44. 

14 

15 The constmction of dectrodiatyas sq)paratus of this kind vv^ 

16 in the art and has been desciibed inter alia in num^ous prior pat^it specifications (see, e.g. OB-A- 

17 769307, EP-A-0078842, EP-A-0170895). It is owisaged that said apparatus will c o nv c m qrtl y 

18 conqmse a stadc of juxtaposed compartment-forming elements of predetermined thickness said 

19 ion selective membranes 32, 34, 42, 44 intenx>sing between neighbouring elements. Said electrodes 

20 14, 16 win be formed as thin plates or screens and each will be inteq)osed between an dectrode 

21 con9>artm^t-forming dement and an adjacoit ^d plate. 

22 

23 Each conq)artment-forming elemoit may be manufactured fi-om a thermoplastic matmal and will be 

24 formed wtii a laiBe,cQitral opening that extends through the danert 

25 the body of the demwit defining the outer perimeter of the compartment. The demaitsmay dfinlhCT be 

26 drilled or moulded with one or more through-bores around the cottral opening. In the assembled 

27 stack these bores will align with corresponding bores in the juxtaposed elOTients to form ports for 

28 conveying fluids b^COT compartments interioriy of the stadc. The «ids of eadi con5)artment will be 

29 dosed in the assembled stack by the ndghbouring monbranes. An end plate will be provided tit each 

30 end of the stack, and the assembly will be hdd together by such means as a plurality of bolts that 

3 1 ext^d between the end plates, through aligning apertures formed m all of the dements. Compresiable, 

32 fluid-tight seals win Really be mtoposed between each dement/pkte and the ne^^iirii^ 
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1 m^branes, which seals will be conq)ressed by drawing the end plates together tig^idy by means xfthe 

2 bohs. As this kmd of constnicdon will be generally fimiliar to those skilled in the art, no fijrtfa^ 

3 description of it is ^enhereia 
4 

5 In the dectrodialysis apparatus of the present inmidon the Ihidoiess of eadi of ifae desdting 

6 conqjartments 36, 46 in the dectrode-dectiode direction may be in the range 5 to 4Qmm, and the 

7 thidoiess of fte dectrode and concratrating compartments 24, 26, 28 may be in the r^on of 2 to 

8 3Qmm. 

9 

10 The anode compartment 24 of the apparatus of Hgure 1 contains a porous bed of cation exdiange 

11 resin 25, and the cathode conqxartmoit 26 contains a porous bed of anion exchange resin 27. As 

12 cation exdiange resin m^ be used ai^ suitable resin known to those dolled in the art sudi as, for 

13 example, that which is commerdally available fix>m Dow liquid Sq>arations under the innle mark 

14 DOWEX MARATHON C. Said anion exdiange resin may ^nulaiiy be aiiy suitable re^ known to 

1 5 those ddlled in the ait such, for exanq>le, a DOWEX MARATHON A. 

16 

17 Said first desahing compartment 36 also contains a porous bed of cation exdiange resn 37 "and said 

18 second desalting conq)artm^ 46 contains a porous bed of anion exdiange rem 47. Said 

19 concentrating con:q>artmait 28 also contains a porous bed of ion exdiaiige resin 29 wMdi may be 

20 cation exdiange resin, anion exchange rean or a mixture of both of these. 

21 

22 Eadi of the compaitmaits 24, 26, 28, 36, 46 is provided with an inlet and an outlet. In use the inlet to 

23 the first desalting compartment 36 is connected to a supply SO of water to be purified. 
24 

25 Internal porting (not shown) may be included to connect the outlet of the first desaWi^ d iambc r 36 to 

26 the inlet of the second desalting diamber 46, and the inlets/oudets of the desalting chambers 36, 46 

27 may be arranged such that the water to be purified flows in the same direction through both desalting 

28 chambers as shown in Figure!. 
29 

30 Substantially pure water, that is water having a purity of at least IMft-cm is supplied to each of the 

31 dectrode diambers 24, 26 and may also be supplied to the concentrating chamb^ 28 to provide 

32 respectivdy dectrode diand)er streams 52, 54 and a concentrating, flushing stream S6. 
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1 

2 In use, an operating voltage of 2 to lOOV is applied ao'oss the anode 14 and cathode 16 suffident to 

3 obtain water splitting at the electrodes. Cations in the votter to be piirified are taken up on the cation 

4 exduo^e re^ 37 in the first desalting diamber 36, bdng replaced in sohition by hydronium ions. 

5 Hydronium ions g^ierated at the anode 14 pass via the first cation exdiange monhrane 32 into the 

6 cation resin bed under file influence ofthe applied dectrical potential. As they pass throu^ the cation 

7 re^ bed, the hydronium ions regenerate fiie cation exdiange resin by bdng exdianged for cations 

8 firom the wat^ to be purified SO. The Iqrdiomum ions and the inQ>ui% cations pass vi^ 

9 cation exdiange mohbrane 34 into the conc^trating diamber 28 fi^om wUdi Ihey cannot i^roceed 

10 finther towards the cathode 16 owfaig to the presence of the second amon sdective manbrane 44. 

11 The cations are thus ehited 6om the ooncentratmg diambo' 28 by the action of the Ugh purity 

12 "fludiing" stream 56 flowmg througji the concentratingchambor 28. 

13 

14 In a amilar manner, anions in tiie water to be purified are carried to the concentrating diamber 28 

15 undo* the influence of the cathode-genmted Iqrdroxide ions and the dectrical potential, via the anion 

16 exchange re^ 47 in the second desaltiiig diambar 46 and the second anion sdective m^nhrane 44. 

17 The impurity anions are also duted by the flushing stream 56 witUn the conoentratii^ chamber 28. 

1 8 The product water 60 is delivered fi'om the outiet of the second desalting chamber 46. 

19 

20 Figure 2 shows a second electrodialj^s apparatus in accordance witii the invention vdiidi is suitable 

21 for use on a small scale. Many of the components of tfie apparatus of Figure 2 are common to the 

22 apparatus of Figure 1 and, for these, the identical refer«ice numerals as used in Figure 1 are used. It 

23 vioD be se«i that the electrodialysis apparatus of Figure 2 diflfersfr^ 1 inthatthe 

24 first desalting chamber 36 is divided by means of internal. partitions 52 into two .sub-diambers 36a, 

25 36b. 

26 

27 The water to be purified 50 is supplied in succession to one of the sub-chambers 36a of the first 

2 8 desalting compartment 36, then to the second desalting compartment 46 and finally to the second sub- 

29 chamber 36b of the first desalting compartment 36. The water to be purified 50 is thus passed in 

30 succesaon through a cation exchange rean bed, an anion exdiange rean bed and finally a cation 

31 exchange rean bed which ^es the water to be purified a final, polishing treatment. As is also 

32 apparrait fi^om Figure 2, a portion of the product water 60 is supplied in paralld to the dectrode 
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1 chambers 24, 26 and to the conc^itratmg chamber 28. Although not shown in Figure 2, internal 

2 porting is conveniently provided in the stadc to make the necessaiy connections between the various 

3 chambers. Each of the desatting compartaiaits 36a, 36b, 46 of the dectrodiatysis apparatus of Figure 

4 2 has a tWckness of Smm m the dectrode-dectrode direction. The \wdths of the electrode 

5 compartments 24, 26 and the concentrating compartment 28 are eadi about Snu^ ) 
6 

7 Those skilled in the art will predate that the higjiest purity wat«- of the flushing stream is thus 

8 allowed to flow through the anode dianiber 24 and ooncoitrating diamber 28 juxtq)0sed the flow 

9 through the second sub^tonber 36b of the first desalting conq)artn^ 

10 water is flowing juxtaposed the \i^^iter to be purified SO just before it exits the q)paratus as product 60. 
11 

12 It has been found that vAien the dectrodialyas apparatus of Figure 2 is used to treat redrculatii^ water 

13 fixjm a tank having an initial conductivity of 15 to 20^S-an, a final purity of 17MQ-cm can i)e 

14 adueved. 

15 

16 A thinldectrodidy^s apparatus in accordance 1^ the preset invention is i^^ The 

17 constniction of the third dectrodialy^ apparatus is amilar to that of the second dcctrodidysis 

18 ^jparatus illustrated in Figure 2, and accordingly the same refoence numerals will be used for like 

19 parts as brfore. The diflfermce between the second and fliird dectrodialyas ^paratus re^ 
2 0 flow path of the dectrode and concentration streams through the apparatus. 

21 

22 In the third dectrodialysis apparatus illustrated in Figure 3, a portion of the product stream 60 is 

23 returned throu^ the apparatus and is directed to flow tiirough the anode diante 24, the caOiode 

24 chamber 26 and the concentrating chambCT 28 in succesaoa It will be seen fi*om Figure 3 that the 

25 streams through the dectrode diambers 24, 26 are directed to flow in the same direction as one 
2 6 another, with the stream through the concentrating diamber 28 flowing in the opposite direction. 

27 

28 Hgure 4 shows a first polydectrbdialyas apparatus 100 in accordance with the present invOT This 

29 apparatus comprises two dectrodialyas apparatus 10, 10' of the kind described td)Ove 'with Tefcrence 

30 to Figure 1. The components of each dectrodialysis apparatus 10, 10* of the polydectrodialyas 

31 apparatus of Figure 4 that are the same as or smilar to the coinponents of the dectrodialysis apparatus 

32 of Figure 1 are indicated by the same refoence numerals as used in Figure 1 , with the prime Ijeingiised 
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1 to indicate coniponaits of the second dectrodialy^s apparatus lO*. 
2 

3 As can be seen fix)m Figure 4, the mter to be purified 50 is suppfied firstly to the first desahing 

4 chamba- 36 of the first electrodiatysis ^paratus 10 and ihen, through internal porting (not shown), to 

5 tise second desahing diamber 46 of the first electrodiafy^ The outlet 50* of second 

6 desahing duunb^ 46 of the first dectrodialyas apparatus 10 is connected to the second desahii^ 

7 chamber 46* of the second electrodialy^ ^aratus 10, and internal porting (not shown) witUn the 
e second electrodialy^ ^paratus 10^ is provided to suppfy the feed fix>m the second desahhig cbaniber 
9 46' to the first desahing chamber 36*. The wata* to be purified SO is thus passed successively through b 

1 0 cation exdiange rean bed 36, a first anion exchange re^ bed 46, a second anion exdiai^e re^ bed 

11 46^ and finaUy a second cation exchange re^ bed 36* for pofishmg. The product wato* 60 is delivered 

12 fix)m the outlet of the first desalting chamber 36* of the second electrodialyffls apparatus 10*. 
13 

14 ConvCTsefy, the electrode streams 52, 54, 52*, 54* and the concentrating streams 56, 56* are supplied 

15 firstfy to the second dectrodialyas apparatus 10 and subsequently to the first ^paratus 10. This 

16 assists ui redudng the back (fifiKision of inqnirity ions fi'om the dectrode/concentrating streams mto 

17 the desahine stream. 

18 

19 As can be seen fiiom Figure 4, the electrode streams 52, 54 enting the first dectrodialy^ apparatus 10 

20 are combined to protean input stream 71 to a secondary purifiCT 70. Said secondary purifier 70 may 

21 be any suitable wato* purifier known to those skilled in the art, although a fiirther dectiotfialyds 

22 apparatus or polyelectrodialy^ apparatus in acconlance with the present invo^ Said 

23 secondary purifiCT 70 has an output stream 72 whidi is used to feed the dectrode streams 52*, 54* of 

24 the second dectrodialysis apparatus 10. 

25 

26 In the apparatus shown in Figure 4, each of the desahing chambers 36, 46, 36*, 46* has a thickness in 

27 the electrode-electrode direction of about 15mm, and each of the dectrode and concentrating 

28 chambers 24, 26, 28, 24', 26', 28* has a thickness of about 15mra 

29 

30 It has been found that vihen operating the polydectrodialyas ^aratus as illustnited in Figure 4 for 

31 ovCT 2000 hours at a flow rate of 1.0 1/min of water of 12 to 15 nS/cm, water having a reastivity of 

32 16.9 to 17.2Ma-cm at 25**C is produced. 
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1 

2 A second polyelectrodiafyds apparatus is illustrated in Figure 5. This second apparatus comprises two 

3 juxt^sed dectrodialysis apparatus of the kind herdnbefore described with reference to Figure I . Tlic 

4 second polydectrodialysis apparatus differs fix>m that iQustrated in Figure 4 in that the two 

5 dectnxlialy^s apparatus constituting the polydectrodialysis apparatus are formed as a angle stack of 

6 compartm^-fonning dem^ of the kind desoibed above. The dectn)dia||ysis apparatus are 

7 arranged in the stack badc-to-badc, so that the cathode diamber 126 of one oftfae d c di o diaiy sis 

8 q)panitus is £sposed juxtaposed the cathode diffin^ A 

9 central, water-inq)ervious partition 200 partitions the two dectrodial^s apparatus one fiiom the oth^. 

10 Water to be purified ISO is supplied to the first desalti4g compartment 136 of one of the 

11 dectrodialyas q)paratusj, then to the second desaMng compartment 146 of the one appaia l us . Aieed 

12 160 fi-om the second desalting conipartment 146 of the one apparatus is siqjpKed to the second 

13 desaWng compartment 246 of the otter dectrodialyas apparatus, and siibsequaitly to the first 

14 desalting conq)artment 236 oftheotho-electrodialyas apparatus. The water to be purified 150 thus 

15 passes succesav^ through a first cation exchange rean bed 137, a first anion exchang^jtcan bed 147, 

16 a second anion exdiange rean bed 247 and a second cation exdiange rean bed 23 7. 
17 

18 Substantially pure or pretreated water is sq)plied as a concentrating, flushing stream 256 to the 

19 ooncaitrating compartment 228 of the otfaor dectrodialysis apparatus and tfa^ to the c ouceuti a liug 

20 compartment 128 of the one dectrodialyas apparatus, so that die concentrating stream flows through 

21 the polydectrodialysis apparatus in the oppoate direction fix>m the water to be purified 150. A 

22 sq>anite dectrode rinang stream 252 of high purity water is supplied to the anode oonqpartm^t 224 of 

23 the oth«- dectrodialyas apparatus, and then in paralld to the cathode compartm«its 126, 226 xrf the 

24 one and other dectrodialysis ^aratus. The cathode rinsing streams are th«i recombined and passed 

25 through the anode con^artment 124 of the one electrodialysis apparatus. Thus, as with the 

26 concentrating, flushing stream 256, the dectrode rinang stream is passed through the 

27 polyelectrodialysis apparatus in the opposite direction to the water to be purified KO fthe desaitiig 
2 8 stream). In this way, the back difiusion of impurity ions into the desalting stream is reduced. 

29 

30 Each of the dectrode, concentrating and desalting compartments of the polydectrodialysis apparatus 

31 illustrated in Figure 5 has a thickness in the anode to cathode direction of about 15mm. Whenlhe 

32 second polydectrodialysis apparatus is opaated for ovct 3500 hours with feed wat«^ of 10 to 
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1 20|iS/cm, having 25 to 35 ppm dissolved caibon dionde, at a rate of 1.0 to 1.5 litres pei miiiule,ihe 

- 2 iiesistivityofthe product ^er 260 on exiting t^^ 
3 

4 As vnAi the dectrodialy^ apparatus iUustrated in Egures 2 and 3, the potydectrodialyds apparatus 

5 shown in Figures 4 or Snuiy be modified so that the concentrating flus^^ 

6 rinang streams are fed by a part ofthe product water i^cfa is reh^^ 
7 

8 In anotho* variation, the coitral partition 200 of the second polydectrodialysis apparatus may be 

9 omitted, such that the qjparatus includes a single, central cathode chamber. Said ^n^z cadiodc 

10 diamb^ may indude a single cathode or anode which is shared by the said one and otfaor 

1 1 dectrodialyins apparatus. 

12 

13 The present invoition thus pio'^des an improved dectrodialysis ^aratus in ^i^lndi water -to 1)e 

14 purified is passed successh^ thn)ugh a cation exchange resin bed and an anion ^ 

15 b^wem an anode and a cathode. The anode and cathode are separated fi'om the desalting stream by 

16 cation and aiuon penn-sdective membranes respective, and the cathode and anode conqsartments are 

17 filled with ion exchange re^mateiial. Eacfaofthedectrodeconq)artmentsissq)pliedi^^'feedt7f 

18 substantially pure water, and in use the dectrodialysis apparatus of the invention is found to give 

1 9 product water of surprisingly high purity. 
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1 CLAIMS 


. 2 

3 1 . An electrodialyas ^paratus for purifying water, which apparatus comprises means defining an 

4 anode diamber^meam dining a cathode chamber, an anode meam^^ 

5 chamber, a cathode means disposed witlun said cathode chamber, means defimng a dessdtmg 

6 stream flow path between said anode and said cathode means, meam defining a oonoeatra^ 

7 stream flow path adjacent said desalting stream flow path, means for cauiang or a^^ 

8 to be purified to flow TOtlun the desahingstieamflo^ 

. 9 a fluid adapted to recdve ionic inqnirities fiom the wato" to be purified to flow^v^dnnlhe 

10 concentrating stream flow path; wherein said desalting stream flow path conq>iises a first 

11 portion juxtaposed the anode means and a second portion juxtaposed said cathode means, and 

12 said means defining the desalting stream flow path oonq>rises two first partition means that 

13 separate the first portion of the desalting stream flow path firom the anode cfaandja-andihe 

14 concoitrating stream flow path respectivdy, which first partition means are selectivdy 

15 p^meable to cations and are spaced rapaxt on an a»s between said anode means and cathode 

16 means, and two second partition means that separate the second portion of the desalting 

17 stream flow path fixnn the cathode cfaamb^ and the concentrating stream 4ow path 

18 respectivdy,v^disecorid partition means are sdectivdy permeable to amons and are spa^ 

19 apart on said axis; charact^ised in that each of said anode and cathode dhambeis contains a 

20 porous bed of ion exdiange material. 

21 

22 2. An apparatus as claimed in Claim 1 wherein the iori exchange material in the cathode diamb^ 

23 is an anion exchange resta 

24 

25 3. An q)paratus as claimed in Claim 1 or Claim 2 wherein the ion exchange materidimhetmode 

26 chamber is a cation exchange re^. 

27 

28 4. An apparatus as claimed in any one of the preceding claims wherdn the concentrating stream 

29 flow path contains a porous bed of ion exchange material. 
30 

31 S. An apparatus as claimed in any one of the preceding claims wherdn the first portion contains 

32 cation exdiange resin, and the second portion contains anion exchaAge resin. 
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1 

2 6. An apparatus as claimed in any one of the preceding clai^ 

3 to flow through at least one ofthe anode diamber and cathode chan^ 

4 

5 7. An apparatus as daim^ in Claim 6 wh^iein the >vatar to iBow through at least one of ifae 

6 anode duonber and cathode chamber is water purified by the 

7 

8 8. An apparatus as dairoed in Claim 7 wherm tiie water to flow through at least one of the 

9 anode diamber and cathode diand>er is takoi directly fiom the oudet wato- ofifae desahing 
10 stream. 

11 

12 9. An apparatus as daimed in any one of Claims 6 to 8 wherein water is caused or allowed to 

13 flow succes^vdytfan)ugh the anode diamb^ and then the cathode diamiber. 

14 

15 10. An apparatus as daimed in ai^ one of Oaims 6 to 9 ^^«dn the water flow through at lea^ 

16 one of the anode diamber and cathode diamber subsequaifly flows througji the conc^trating 

17 stream 

18 

19 11. An apparatus as daimed in Claim 10 wherein a portion of the purified w^ 

20 apparatus flows sequentially dirou^ the anode diambor, the cathode chamber and the 

21 concentratiiig stream. 

22 

23 12. An apparatus as daimed in any one of Claims 6 to 11 wherein water is caused or allowed to 

24 flow in paralld through the concentrating stream and at least one of the anode and cathode 

25 diambers. 

26 

27 13. An apparatus as claimed in any one of the preceding claims whorein the fluid within the 

28 concentrating stream is caused or allowed to flow counter-current to the flow of water to be 
2 9 purified in at least one of the first and second portions of the desaltmg streams flow paths. 
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1 14. An apparatus as claimed in anyone of the preceding claims wherdn the water within at least 

2 one of the anode and cathode chambers is caused or allowed to flow countar-current to the 

3 flow of water to be purified in at least one of said first and second portions. 

4 

.5 IS. An apparatus as daimed in any one of the preceding claims wherdn the water to be purified is 

6 passed through the first portion first, followed by the second portion. 

7 

8 16. An apparatus as daimed in Claim IS wfaeran the water to be purified flows in the same 

9 direction througih both portions. 

10 

11 17. An 2q>paratus as daimed in any one of the preceding daimswherdn the fi 

12 divided to fi>rm two or more sub-chambm, and wherdn the desalting stream padi flows in 

13 succession through one of the sub-diambers of the first desahmg conq)a2tmeat, then through 

14 the second desalting cotopsatmsaat, and subsequently through a second siib-dianiber of the 

1 5 first desaltiiig compartment. 

17 18. An sppdXBtas as claimed in any one of the precedmg daims wherein the purified water has a 

18 resistivily of at least IMH-oa 

19 

20 19. An apparatus as daimed in Claim 18 wheietn the purified water has a resisti^ 

21 ISMn-CTt 

22 

2 3 20. A mediod of electrodalyds compri^ng cauang or alloxiv^ng water to be purified to 4ow inifae 

24 desalting stream flow path of an electrodialysis apparztxxs as defined in any one of Claims 1 to 

25 19, and cauang or allowing a fluid adapted to recave ionic impurities fi-om said water to be 
2 6 piirified to flow within the concentrating stream path and applyir^g a voltage across the anode 
27 means and cathode means. 

28 

29 21 . A polyelectrodialysis apparatus compri^ng two or more dectrodialysis apparatus as defined in 

30 any one of Claims 1 to 19. 
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1 22. A polydectrodialysis apparatus as daimed in Ckdm 21 whCTdn water to be purified ihrou^ 

*^ 2 two electrodialysis appamtus passes successivdy through the first and second portions of the 

3 first electrodialy^s q>panitu5, and then successively through the second and first portions of 

4 the second electrodialysis i^aratus. 

5 

6 23. A polydectrodialysis q)paratus as claimed in Claim 21 or Claim 22 whe^ 

7 concentrating streams^ anode chambers and cathode diambers are fed by a water purified by 

8 the apparatus. 

9 

10 24. A polydectrodialyas apparatus as daimed in ai^ one of Claims 21 to 23 iiu^hiding a flow 

11 through the anode dianib^s and cathode diand)a:s,\^efi^ 

12 flows, cathode diamber flows and the concentrating stream flows flow firstfy through the 

13 second dectrodialyasappanitus and subsequoitlythroi]^ the first elec^ 

14 

15 25. A polydectrodialysis apparatus as claimed in any one of daims 21 to 24 wherein the outflow 

16 fi-om at least one of the anode diambers, cathode chambers acid concentrating streams are 

17 passed through a purifier for reuse in the apparatus. 

18 

19 26. A pofydectrodiafyals q>paratus as daimed in ai^ one of Claims 21 to 25 wherein two or more 

20 of the dectrodialysb q)paratus are juxtaposed to form a siii^e stack. 

21 

22 27. A po^lectrodialysis ^aratus as daimed in Qaim 26 v^erdn two or more of the dectrode 

23 dianobers are shared by two adjac«itdectrodiaIyds apparatus. 


INTERNATIONAL SEARCH REPORT 


Inter, .onal Applleatfon No 

PCT/US 99/02552 


A. CLASSlFlCATtON OP SUBJECT MATTER , 

IPC 6 B01D61/48 C02F1/469 


According to International Patent Clasatffcatton <IPC> or to both national dassificaUon and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classificatton system fottowed by classification symbolsl 

IPC 6 BOID C02F 


Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 


Qectronic data base consulted during the mtemational search (name of data base and. where pmcUcal. eeaich terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Categoiy • Citation of document, with indication, virhero appropriate, of the relevant passages 


Relevant to dalmNa 


US 2 923 674 A (T. R. E. KRESSHAN) 
2 February 1960 

ESPECIALLY COLUMN 2, LINES 53-62 

US 3 014 855 A (T. R. E. KRESSMAN) 

26 December 1961 

see the whole document 

US 3 084 113 A (D. J. VALLINO) 

2 April 1963 

see the whole document 

US 4 787 561 A (G. KUNZ) 29 November 1988 
see the whole document 

DE 44 18 812 A (FORSCHUNGSZENTRUM JULICH 
GMBH) 7 December 1995 
see the whole document 


Fufther documents are listed in the continuation of box C. 


X~| ton™*/ members are listed in annex. 


* Special categories of cited documents : 

"A* document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or atter the intemaltonal 
firing date 

"L" document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as spocHied) 

t)' document referring to an orai disclosure, use, exhbitlon or 
other means 

'P* document published prior to the international lilbg date but 
later than the priority date claimed 


T* later document published after, the international filing date 
or priority date and not in conflict with the application but 
dted to understand the principto or theory undettying the 
invention 

"X- document of particular relevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
involve en inventive step when the document is taken afone 

"Y* document of particuiar relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

document member of the same patent family 


Date of the actual completion of the international search 


3 June 1999 


Date of mailing of the international search report 

11/06/1999 


Name and maaing address of the iSA 

European Patent Office. P.a 5616 Patenttaan 2 

NL-2280IHVRi]swijk 

Tel. (-^1-70) 340-2040. Tx. 31 651 epo nl, 

Pax: (431-70) 340-3016 


Authorized officer 


Devlsme, F 


Fbnn PCmSAffilO (seoond sheet) (July 1992) 


page 1 of 2 


INTERNATIONAL SEARCH REPORT 


Inter, .anal ApptieMlon No 


PCT/US 99/02552 



atJon) DOCUMENTS CONSIDERED TO BE RELEVANT — 

Catdgory' 

Citation of <tocufndnt. with indicattoawhem approprtata, of tha relevant passages 

RtlavimtoclaimNo. 

A 

FR 1 282 890 A (AMERICAN HASCHINE & 
FOUNDRY CO.) 15 June 1962 
see the whole document 

1 


Pom PCr/)SA/210 (condnuaion of second ttmt^ (July 1992) 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 

Information on patent family members 


Inter. Mi AppUcatloo No 

PCT/US 99/02552 


Patent <focument 
cHed in search report 

Pubieaiion 
data 

Patent famtly 
member(s) 

Publication 

lie POO'lfiJA 

A 

02-02-1960 

GB 

879181 A 


us 3014855 

A 

26-12-1961 

GB 



US 3084113 

A 

02-04-1963 

NONE 



US 4787561 

A 

29-11-1988 

NONE 



DE 4418812 

A 

07-12-1995 

MO 
EP 
OP 

9532791 A 
0762927 A 
10500895 T 

07-12-1995 
19-03-1997 
27-01-1998 

FR 1282890 

A 

15-06-1962 

NONE 




Fban PCT/ISAaiO (pawnr temHy arawx) <July 1892) 


